Background: The relative contribution to gastric cancer (GC) risk of variants in genes that determine the inflammatory response remains mostly unknown and results from genotyping studies are inconsistent. Conclusion: This prospective study confirms the association of IL1RN polymorphisms with the risk of non-cardia GC and indicates that IL8 2251T>A may modify the risk for GC.
introduction A steady decline in the incidence of gastric cancer (GC) has been observed in most countries in the last decades. GC remains, however, the second most common cause of cancer death in the world [1] . Infection with Helicobacter pylori (Hp) is the strongest risk factor for non-cardia GC and chronic gastritis. Tobacco smoking is causally associated with GC while dietary factors are thought to have an important role in gastric carcinogenesis [2, 3] . Only <1% of Hp carriers will ever develop GC. Hp infection induces a chronic inflammation of the gastric mucosa that is intensified by the host inflammatory immune response by increasing cytokine levels.
Polymorphisms within regulatory and other functional regions of cytokine and cytokine receptor genes markedly influence cytokine expression and secretion profiles in response to infectious agents. Gene polymorphisms that modify the intensity of the inflammatory response may contribute to variations in GC risk [4] . Seminal studies by El-Omar et al. [5] pointed to an association between GC risk and polymorphisms in the interleukin (IL) 1 cluster genes (chromosome 2q13), particularly for non-cardia Hp(+) GC. Case-control studies carried out in different populations have, however, shown inconsistent results [6] . Three meta-analyses have recently reviewed this issue with inconclusive results [7] [8] [9] .
Single-nucleotide polymorphisms (SNPs) in several other genes such as tumor necrosis factor (TNF) [10] [11] [12] [13] , IL8 [14, 15] , HLA-DQB1 [16] and IL12 [17, 18] and in genes encoding the anti-inflammatory cytokines IL10 [11, 13, 18, 19] and IL4 [19] have been associated with GC risk with controversial results. Carriage of multiple SNPs in IL1B, IL1RN, IL10 and TNF seems to exert a synergistic increase in risk of GC when Hp infection is present [10, 11, 20] .
The current study was conducted to examine the association between polymorphisms in the proinflammatory genes IL1A, IL1B, IL6, IL8, IL12A, IL12B and the major histocompatibility complex genes coding for lymphotoxin a (LTA) and TNF, as well as in the regulatory genes IL1RN, IL10, IL4 and one of its receptors IL4R, with the risk of GC in a nested case-control study conducted within a large prospective study: the European Prospective Investigation into Cancer and Nutrition (EPIC) [21] .
material and methods

the EPIC study
The EPIC cohort consists of 521 457 subjects (368 010 women and 153 447 men), mostly aged 35-70 years and recruited from 1992 to 1998 in 23 centers, in 10 European countries: Denmark, France, Greece, Germany, Italy, the Netherlands, Norway, Spain, Sweden and the UK. Eligible subjects were invited to participate in the study by mail or by personal contact [21] . Those who accepted signed an informed consent form. Diet questionnaire and blood samples were obtained. Follow-up is on the basis of population cancer registries except in France, Germany and Greece, where it is mainly achieved by active contact with study subjects. Follow-up was completed from December 2000 to December 2002. All individuals included were Caucasian.
nested case-control study Subjects were selected according to a nested case-control design. Prevalent GC cases (n = 138) and 2403 subjects lost to follow-up were excluded. Cases were all subjects newly diagnosed during the follow-up of cancer of the stomach, defined by code C16 of the International Statistical Classification of Diseases, 10th Revision. An independent panel of pathologists reviewed slides as well as pathology reports provided by each center [22] . Initially, 290 GC cases were identified; four cases of cancer located in gastric stump as well as 31 tumors other than adenocarcinoma were excluded. For each new incident case, up to four control subjects were randomly selected among cohort members alive and free of cancer at the time of diagnosis of the case, matched by center, gender, age (62.5 years) and date of blood collection (645 days). The set of controls (n = 1125) was used to describe the genotype frequencies and to compute Hardy-Weinberg equilibrium (HWE) tests and linkage disequilibrium (LD). The final population for GC risk assessment included 248 GC (location: 128 non-cardia, 72 cardia-including 16 in the gastroesophageal junction-and 48 unknown; histological type: 96 intestinal, 95 diffuse and 57 unknown) and 770 controls. Sixty of 128 (47%) non-cardia and 53 of 72 cardia carcinomas (74%) were males. Sixty-five percent of case-control sets were from central and northern Europe (UK, Sweden, Norway, Denmark, Germany and The Netherlands) and 35% from Mediterranean countries.
laboratory assays genotyping analysis. Genomic DNA from cases and controls was extracted from a 0.5-ml aliquot of buffy coat, which had been kept frozen since blood extraction and processing [23] . Genes have been named according to the HUGO Gene Nomenclature committee (http://www.genomic.unimelb. edu.au). SNPs have been named according to the SNP500Cancer database (http://snp500cancer.nci.nih.gov/home.cfm) of the Cancer Genome Anatomy Project and have been identified according to the ID numbering of the dbSNP database of the NCBI (http://www.ncbi.nlm.nih.gov/SNP).
SNPs at IL1B, IL4, IL6, IL8, IL10, IL12A and IL12B and cytokine receptor IL4R genes (Table 1) were analyzed in an ABI 7900HT real-time PCR instrument (Applied Biosystems, Foster City, CA) at the International Agency for Research on Cancer (IARC) in Lyon with primers and probes as published in the SNP500Cancer database. Analysis of SNPs in IL1A, IL1B, IL1RN, LTA and TNF at the VU University Medical Center (VUMC) in Amsterdam took place in an ABI PRISMÒ 7000 Sequence detection system with primers and probes designed using Primer ExpressÒ software (version 2.0), except TNF 2417G>A which has been analyzed according to Hampe et al. [24] . The intron 2 variable number of tandem repeats polymorphism in IL1RN was analyzed as described previously [5] .
A minimum of 10 test DNAs were used to standardize all the genotyping protocols and are available upon request. The IL1B -580T>C SNP was analyzed at both centers and a 100% concordance rate was found. As quality control, 10% of the samples were reanalyzed for all SNPs. For the VUMC, concordance rate was 100% for seven of the eight polymorphisms analyzed and 99.2% for the remaining one. Hp antibodies. Quantification of anti-Hp antibodies and CagA antibodies in stored plasma sample (0.5 ml straw) was done by enzyme-linked immunosorbent assay as described elsewhere [25] .
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statistical methods. Each gene polymorphism was tested in controls to ensure the fitting with HWE. Multiple conditional logistic regression analyses were used for the analysis of associations between polymorphisms and GC, after adjusting for Hp infection, education, weight, height, physical activity at work and leisure time, tobacco smoking status (never, former and current), number of cigarettes by day (in current smokers only), intake of vegetables, fresh fruits, red and processed meat (in grams/day) and energy intake (kcal/day). Analyses were carried out initially under a codominant inheritance model (results not shown). Then simplified models were chosen: a dominant model-heterozygotes grouped with the homozygotes for the minor allele when both genotypes had a similar effect-or a recessive model-heterozygotes grouped with the homozygotes for the major allele. Reference genotype was defined as the homozygous more prevalent allele (wild type) in dominant models and as the homozygous wild type combined with the heterozygous genotype in recessive ones. The remaining genotypes were classified as variant. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for the variant compared with the reference category.
Pairwise LD for polymorphisms within the same gene or chromosomal region was measured using the metric r 2 . Haplotypes were inferred by use of PHASE 2.0 which implements a Bayesian algorithm to estimate the haplotype frequencies (http://www.stat.washington.edu/stephens/ software.html). For each individual, the compatible haplotypes and their posterior probabilities were computed and coded with dummy indicator variables. P values for interaction were computed using the likelihood ratio test. The Wald statistic was used to test for homogeneity of risk.
results
The frequencies of the genotypes are shown in Table 1 . All polymorphisms were in HWE among controls with the exception of IL1B -580T>C, IL6 -236G>C, IL10 -1116A>G and IL10 -7334C>T (P values between 0.02 and 0.04). SNPs within IL1RN (r 2 = 0.99), IL4 (r 2 = 0.91) and IL10 (r 2 = 1.00 for IL10 -7334C>T and IL10 -6653C>A) genes were in strong LD. The other analyzed polymorphisms in the IL1 cluster, IL4R, IL10, and LTA/TNF, were not in strong LD (r 2 < 0.6). IL1B 2580T>C and IL1B Ex5 + 14C>T were not associated with GC risk (Table 2) . Two of the proinflammatory IL1RN Table 2) . We observed that these positive associations with alleles IL1RN 2R and IL1RN Ex5235C were limited to Hp-positive subjects (Table 3) . Genotype IL1RN 2R/2R seems to be associated with both histological types although association was only significant for the diffuse type ( Table 4) . The proinflammatory allele LTA IVS1+90G showed modest not significant association with GC risk (Table 2) . Also, allele LTA IVS1+90G was associated with the diffuse type (P = 0.04) ( Table 4 ) especially in Hp-positive cases. On the other hand, carriers of allele TNF 2487A, associated with higher TNF-a production, did not associate with an increased GC risk (Table 2) .
Allele IL8 -251A was associated with a significant reduced risk of non-cardia GC (OR 0.57; 95% CI 0.37-0.87). This negative association was restricted to the Hp-positive group, irrespective of CagA status (Table 3) , and to intestinal-type carcinomas (P = 0.01) ( Table 4) . Some significant associations between IL4R, IL4 alleles (especially for IL4R 229429T allele) and GC were found (Tables 2 and 3 ) but did not follow consistent patterns. Also, a significant increase of GC risk for IL10 21116A>G was observed that was not confirmed when considering non-cardia cancer exclusively (Table 2) . Finally, it must be emphasized that no association with any polymorphism was observed when cardia carcinomas were separately considered (data not shown). We did not find any additional association with the other polymorphisms analyzed.
Haplotype analysis on polymorphisms in IL10; IL1A, IL1B and IL1RN; TNF and LTA either confirmed or reinforced the information provided by each polymorphism analyzed individually (Table 5) . Thus, from the five haplotypes with frequencies >5% defined by the four SNPs analyzed in the IL1A (Ex1+12C>T), IL1B (Ex5+14T>C and -580T>C) and IL1RN (Ex5-35T>C) genes at 2q13, only those carrying the C allele of IL1RN Ex5235T>C were found to increase the risk of noncardia GC.
The four SNPs studied in the TNF/LTA region encompass the five haplotypes previously reported [26] . The low prevalence of the haplotype AGGA carrying the TNF -417A allele precludes drawing conclusions. We also explored the effect of combinations of proinflammatory genotypes [11] and found that the OR did not increase progressively with increasing number of genotypes (data not shown). discussion This is the second [12] and the largest prospective study in healthy volunteers from Western countries evaluating the association between individual susceptibility in cytokine genes Our results add to the current controversy about the role of these polymorphisms in GC risk, recently reported in three meta-analyses [7] [8] [9] . The first [7] concluded that allele IL1B -1060T (aka IL1B -511T)-but not the IL1B -580C (IL1B -31C) allele in near complete LD-and allele IL1RN 2R were significantly associated with GC risk in Caucasians but not in Asians, where these alleles are rare. This association was more evident for non-cardia neoplasm mainly of the intestinal type. A second meta-analysis [8] observed no association between IL1B or IL1RN polymorphisms and GC risk, even in studies conducted in Western countries. The third [9] largest meta-analysis concluded that IL1B -1060 and IL1RN gene polymorphisms are associated with an increased GC risk but this association was less evident when only good quality epidemiological studies were considered.
IL1B encodes IL1B, a potent proinflammatory cytokine and a powerful inhibitor of gastric acid secretion that is believed to play a major role in the inflammatory response to Hp infection. IL1RN encodes the endogenous IL-1 receptor antagonist, a regulatory cytokine that competitively binds to type I IL-1 receptors. The IL1B -1060TT genotype (and therefore also IL1B -580CC) and the IL1RN 2R allele are associated with increased gastric mucosal levels of IL-1b [27] . Carriage of allele IL1B -1060T and IL1RN 2R/2R genotype has been found to be associated with an increased risk of developing a hypochlorhydric response to Hp [5] and considered as proinflammatory. In line with previous studies [5] [6] [7] [8] , we did not observe an association between IL1B -580T>C SNP and GC risk. It must be emphasized that this allele was in HWE equilibrium among controls as previously reported [11] , a fact that cannot be attributed to genotyping errors.
Associations of proinflammatory alleles with specific histological types remain controversial [5, 11, 26] . While our results indicate that this association may be similar for both histological types, the small size of these subgroups precludes drawing conclusions. In our cohort, Hp infection increases the risk of non-cardia GC by 2-to 3-fold [25] . However, the simultaneous association between the IL1B proinflammatory allele and CagA-positive strains did not identify a population at high risk, thus failing to replicate previous studies [20] .
Our study points to a positive association between allele LTA IVS1+90G and GC risk, mainly for diffuse type positive for Hp. Previously, carriers of allele TNF 2487A (aka 2308A) were associated with an increase in risk of non-cardia GC [11] in both anatomical subtypes [10] . We have not been able to reproduce these findings in our European study, in line with recent studies in Caucasian [11] and non-Caucasian populations [13, 18, 28] . The low (<1%) frequency of the AA genotype of TNF 2417G>A (aka 2238G>A) SNP and its tagged protective TNF/LTA haplotype precluded drawing any conclusion with respect to GC risk.
Promoter allele IL82251A has been associated with an increased production of IL8 [12, 29] . Previous studies exploring Table 3 . Risk of non-cardia adenocarcinoma by genotype among subjects positive and negative for antibodies against Helicobacter pylori (Hp) and CagA All single-nucleotide polymorphism effects computed using dominant inheritance models. P for interaction computed using likelihood ratio test. OR, odds ratio; CI, confidence interval; IL, interleukin; LTA, lymphotoxin a; VNTR, variable number of tandem repeats. Significant odds ratios with 95% confidence intervals are indicated in bold.
a Unconditional logistic regression adjusted by sex, center, age and date of blood extraction. IL8 -251A and GC risk yielded contradictory results [12, 14, 29, 30] . The association of allele IL8 -251A with a decreased risk of Hp-positive non-cardia GC is in line with a previous Asian study [30] . In contrast with the proinflammatory alleles, no clear association of anti-inflammatory alleles and GC risk was observed. In accordance with another study [11] , we detected no association between SNP IL4 2588C>T and GC risk, for which inconsistent results were found in an Asian population [19] . Also, a positive association with the 229429 variant of the IL4R gene was observed. This is paradoxical, since the variant, by inducing an increased response to IL4 [18, 31] , should be associated with a decreased GC risk. Finally, we cannot rule out a role of IL10 1116G allele but both the lack of HWE and the modest degree of association preclude drawing more definitive conclusions.
Previous studies have indicated that considering simultaneously multiple proinflammatory genotypes will incrementally increase the risk of non-cardia GC [10, 11] . We examined the effect of similar combinations of proinflammatory genotypes and found, as in another cohort study [11] , that the OR did not increase progressively with increasing number of genotypes. Altogether, our results indicate that assessment of polymorphisms on inflammatory genes may not be useful for the identification of high-risk populations in the clinical setting.
Our study design has several advantages. It was carried out in a highly homogeneous Caucasian population. Most of the cases were validated by a panel of expert pathologists. Its prospective nature allows Hp serology to be accurately determined in healthy subjects before the onset of the disease. An additional advantage is that our healthy controls are not affected by diseases that may be associated with polymorphisms of interest.
On the other hand, this study has limitations. Although its statistical power for GC analysis remains among the highest reported so far (80% power at the 5% significance level to detect main effects of genotypes with a frequency between 5% and 10% in controls for an OR of 1.5), the number of cases is low for subtypes analyses. Since many tests were carried out, some false-positive results may be expected. However, it must be considered that all the gene polymorphisms analyzed were included because there was a priori hypothesis about its potential relationship with the disease. Thus, each test could be considered, to some extend, independent. For this reason, we decided not to apply any correction for multiple testing.
Our results strongly support the role of genetic variability of IL1RN gene, or in other genes in strong LD with it in the risk of non-cardia GC in Caucasians, mainly in those Hp+. Similarly, it also indicates that IL8, and maybe IL4R, variants may modify the risk for GC. The inconsistency of the results reported so far indicates, however, that the influence of genetic variations in the intensity of the inflammatory response may be more modest than initially expected and/or that the most relevant genes have not been identified yet. Larger studies that take into account simultaneously the different environmental and life-style factors potentially involved in gastric carcinogenesis are needed to better explore geneenvironmental interactions as well as the role of novel candidate genes.
